Introduction
Ehrlichia canis, the causative agent of canine monocytic ehrlichiosis (CME), is a pleomorphic Gram-negative obligate intracellular bacterium that primarily infects the leukocytes (mainly monocytes) of domestic dogs (COHN, 2003; HUXSOLL et al., 1970) . This micro-organism has a worldwide distribution, but it is especially found in warm temperate and tropical areas; it is likely to be transmitted between dogs by arthropod vectors, particularly ticks of the species Rhipicephalus sanguineus sensu lato (WOODY & HOSKINS, 1991) .
The transmission of CME occurs during the tick blood meal from an infected dog; the tick can transmit the infection to another dog during a new blood meal. E. canis is transmitted through the salivary secretions that were contaminated during the tick bite, which were phagocytosed by mononuclear cells, where the micro-organisms subsequently replicate by binary fission. Larval and nymphal ticks become infected when they feed on a dog in the acute phase of the disease by ingesting infected leukocytes. Within the tick, E. canis is disseminated by hemocytes from the intestine to the salivary glands (DAGNONE et al., 2003) . The CME has high rates of global prevalence, as shown by international serological surveys conducted in different populations of dogs. In these surveys, it was found that 78% of dogs in Senegal (PARZY et al., 1991) , 68% in Tunisia (BROUQUI et al., 1991) , 66.7% in Spain (SAINZ et al., 1995) , 41% in Egypt (BOTROS et al., 1995) , 30% in Israel (BANETH et al., 1996) , 10.8% in the American state of Oklahoma (MURPHY et al. 1998) , and 2.2% in Switzerland (PUSTERLA et al., 1998) , showed anti-E. canis antibodies.
In Brazil, several seroprevalence studies have been performed and have demonstrated different infection rates depending on the geographic location and the diagnostic method used (VIEIRA et al., 2011) . Using an indirect immunofluorescence assay (IIFA), the seroprevalence rates in dogs were found to range from 4.8 to 42.5% in the Rio Grande do Sul (SAITO et al., 2008) and Mato Grosso (SILVA et al., 2010) states, respectively. Using a commercially available immunoenzymatic dot-enzyme-linked immunosorbent assay (ELISA) (SNAP  3DX, IDEXX Laboratories Inc., Portland, ME, USA) to test random populations, prevalence rates were found to range from 1.7 to 54.5% in dogs from the Rio Grande do Sul and Pernanbuco states, respectively (LABARTHE et al., 2003) . Despite this finding, there are still some states where prevalence data do not exist.
The diagnosis of CME can be performed by detecting specific antibodies in the serum of animals or by identifying parasites in blood smears. Sensitive and specific molecular techniques were evaluated for the detection of antigens, but they are not yet available for use in routine diagnostics due to their high costs (CADMAN et al., 1994; NAKAGHI et al., 2010; WANER et al., 1998) .
E. canis is rarely identified in cytology samples and its intracytoplasmic inclusions or morulae appear more frequently in the acute phase of the disease, which are phases characterized by mild clinical signs (DAGNONE et al., 2003) . The definitive diagnosis is made based on the finding of inclusions in the peripheral blood mononuclear cells of infected animals; however, it is sometimes difficult to demonstrate the typical form of the morula because the parasite is present in small numbers in the blood, and this could lead to false-negative results (DAGNONE et al., 2003; RIKIHISA, 1991) . Bélanger et al. (2002) compared four methods of serological detection for the diagnosis of CME. The authors determined that indirect immunofluorescence assay (IIFA) was the best, but most expensive, method for zoonotic control in an urban area with a large number of animals.
Clinical suspicion of CME can be confirmed by identifying the causative organism in smears of peripheral blood leukocytes, leukocyte cover, and in cytological samples of the lungs, lymph nodes, spleen, or bone marrow using serological methods such as IIFA. CME can also be confirmed via imported diagnostic kits including dot-ELISA (Immunocomb@) or ELISA (SNAP@ 3DX); immunoblot assays; molecular biology techniques such as polymerase chain reaction (PCR), which can be nonspecific depending on the sample used; and cell culture, which is a method that is used less frequently (NAKAGHI et al., 2010) .
Therefore, there is a need for a sensitive and specific diagnostic test that can prematurely identify the presence of the agent in biological fluids. This test should also be able to identify and reliably diagnose animals that are infected with CME, thus enabling the implementation of swift and appropriate control measures.
A total of eight major immunoreactive proteins were recognized by antibodies in convalescent-phase sera 6 weeks after inoculation. The antibody response to the proteins in the p28/p30 multigene family, major outer membrane proteins, developed 2 weeks later compared with other two proteins of approximately 19 and 37 kDa (glycoproteins gp19 and gp36), which were found to elicit the earliest acute-phase antibody response (McBRIDE et al., 2003) .
Previous studies have showed gp19 and gp36 E. canis major immunoreactive antigens as dominant targets of the early host antibody response (McBRIDE et al., 2003) and thus are high-priority targets for serological diagnostic techniques development. Several other glycoproteins have been identified in Ehrlichia species (DOYLE et al., 2006) . A commercially available ELISA (SNAP@ 3DX) for the diagnosis of CME has been developed, which is based on antibody reactivity to two E. canis p30 peptides, but its sensitivity with sera containing low antibody titers (<320) remains questionable (BELÁNGER et al., 2002) .
The glycoprotein gp19 is an highly conserved outer membrane protein, probably secreted extracellularly, which has a potential role in adhesion and internalization to host cells (DOYLE et al., 2006; FERREIRA et al., 2014; McBRIDE et al., 2007) . Because its immunogenicity and the presence of antibodies anti-gp19 in the first week of infection, we aimed to develop and characterize the E. canis gp19 recombinant antigen that could be used for the diagnosis of CME.
Materials and Methods

Canine sera
To perform serological tests, we used the sera from three dogs (beagles) that were experimentally infected with the E. canis strain Jaboticabal, which was harvested weekly from the day before the infection to the ninth or tenth week after infection (MORAES-FILHO, 2013) . These sera were provided by the Departamento de Medicina Veterinária Preventiva e Saúde Animal from the Universidade de São Paulo (USP) and were previously tested by IIFA, presenting different titers of antibody against E. canis (from negative to 1:40,960).
DNA extraction, amplification, and cloning
The E. canis Jaboticabal strain was cultivated in DH82 cells, as previously described (AGUIAR et al., 2008) . A pellet containing 1 mL of E. canis-infected cell culture was submitted to DNA extraction using the DNeasy tissue kit (Qiagen N.V., Venlo, Netherlands), following the manufacturer's instructions. The total DNA extracted was eluted in 100 µL of elution buffer and quantified in a spectrophotometer through its absorbance at 260 nm and 280 nm filters (A 260nm and A 280nm ).
The gp19 gene was amplified by PCR using primers constructed based on a sequence obtained from GenBank (accession number: EU118960). These primers were synthesized containing the following EcoRI and KpnI restriction sites: forward (5'-GCGGTACCTAATGTTACACGTTCAAAAT-3') and reverse (5'-GCGAATTCTTACGCACAATCACAAC-3'). The PCR template and the pAE plasmid were restricted with EcoRI (New England Biolabs, Ipswich, MA, USA) and KpnI (New England Biolabs), and they were then submitted to ligation with T4 DNA Ligase (Promega Corporation, Madison, WI, USA), according to the manufacturer's protocol. The ligation product was used to transform the Escherichia coli strain TOP10F', and the transformed cells were selected on Luria Bertani (LB) media plates supplemented with ampicillin at 100 mg × mL -1
. The pAE plasmid containing the DNA sequence (nucleotides 1-414) of the gp19 gene (pAE-gp19), without the stop codon, was extracted and sequenced to confirm the sequence and its frame with polyhistidine-tag. The plasmid pAE-GP19 was used to transform different E. coli protein expression strains, which were made chemically competent by thermal shock. The protein expression strains that were transformed included BL21 ( 
Selecting the best expression strain
A single colony of each transformed E. coli strain was grown in 5 mL of LB broth supplemented with ampicillin (100 mg × mL -1 ) and, depending on the strain resistance, chloramphenicol (50 mg × mL -1 ) in an orbital shaker (200 rpm) at 37°C overnight (16-18 hours). Each culture was inoculated in a 125 mL Erlenmeyer flask with 20 mL of LB with ampicillin and/or chloramphenicol, to an optical density at 600 nm (OD 600nm ) equal to 0.1 at 37°C and 200 rpm. When the OD 600nm reached 0.8, expression was induced by adding two different concentrations of IPTG (isopropyl ß-D-1-thiogalactopyranoside; 1 mM or 3 mM). The expressions were maintained at three different temperatures (37°C, 25°C, and 20°C) and for two different times (4 hours and 16 hours). An aliquot containing 1 mL each of culture was collected every hour, centrifuged at 13,000 × g for 1 minute, and the cell pellets were then stored at -20°C. The cultures were centrifuged at 10,000 × g for 10 minutes at the end of the induction time to obtain the cell pellets, which were stored at -20°C, until their utilization.
The cell pellets containing 1 mL of induced culture were added to 100 µL of 2 × protein loader buffer (4% sodium dodecyl sulfate, 20% glycerol, 120 mM Tris-HCL, pH 6.8, 10% 2-mercaptoethanol, and 0.3% Bromophenol Blue) and were incubated for 10 minutes at 99°C for protein denaturation. Aliquots containing 20 µL of each sample were loaded into 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The gels were stained with Coomassie Blue, or they were used to transfer the proteins to nitrocellulose membranes to perform Western blotting. The nitrocellulose membranes were blocked with 5% skimmed milk powder in phosphate buffered saline (PBS) at 37°C for 1 hour under stirring and were washed twice with PBS-T (PBS containing 0.1% Tween 20; pH 7.4) for 5 minutes. For the primary antibody, we used canine sera that were either positive or negative for CME, 1:500 in PBS, and mouse monoclonal anti-His (C-term) (Invitrogen  ; Thermo Fisher Scientific) 1:15,000, incubated for 1 hour at 37°C. The membrane was washed twice with PBS-T and incubated with either peroxidase-conjugated rabbit anti-dog immunoglobulin (Ig)G secondary antibody (Sigma-Aldrich Co., St. Louis, MO, USA), diluted 1:5,000 in PBS, or peroxidase-conjugated rabbit anti-mouse IgG, diluted 1:6,000 in PBS-T, for 1 hour at 37°C. The membranes were then washed three times with PBS-T. The protein bands were revealed using developing solution (5 mL of Milli-Q water; 5 mg of DAB -3,3 '-diaminobenzidinetetrahydrochloride; 0.75 mg of NH 4 ) until well-defined bands (5-10 minutes) appeared on the nitrocellulose membrane, which was washed in sterile Milli-Q water and photo documented.
rGP19 expression and purification SDS-PAGE and Western blotting determined that the best clone for rGP19 expression was BL21 (DE3) C41. A single colony of transformed BL21 (DE3) C41 was grown in 100 mL of LB broth supplemented with ampicillin (100 µg × mL -1 ) in an orbital shaker (200 rpm) at 37°C overnight (16-18 hours). The culture was then inoculated in a 2 L Erlenmeyer flask with 500 mL of LB with ampicillin to an OD 600nm equal to 0.1. When the OD 600nm reached 0.8, expression was induced by adding 1 mM of IPTG. The expression was maintained for 16 hours at 25°C. The cultures were centrifuged at the end of the induction time at 10,000 × g for 10 minutes to obtain the cell pellets, which were immediately utilized for purification.
The cell pellet obtained from the 500 mL induction was tested for solubilization. The pellet was eluted in 15 mL of Akta Wash (NaH 2 PO 4 0.234%, NaCl 2.92%, and imidazole 0.068%), then added of PMSF (phenylmethanesulfonyl fluoride, 1 mM) and 150 µL of lysozyme (10 mg mL -1 ), and incubated for 1 hour at 4°C. The suspension was sonicated for six cycles of 20 seconds at 60 Hz and then centrifuged at 10,000 × g for 10 minutes. The supernatant was saved and the pellet was washed three times with PBS and eluted with 15 mL of Akta Wash with N-lauroylsarcosine (NaH 2 PO 4 0.234%, NaCl 2.92%, imidazole 0.068%, and lauroyl sarcosine 0.2%) under stirring for 48 hours at 4°C. The suspension was centrifuged again, the supernatant was saved, and the pellet was washed with PBS and eluted in 15 mL of Akta Wash with urea (NaH 2 PO 4 0.234%, NaCl 2.92%, imidazole 0.068%, and urea 0.36%) under stirring for 48 hours at 4°C. The suspension was centrifuged again and the pellet and supernatant were separated and saved.
The pellets and supernatants of each step were subjected to 12% SDS-PAGE to check for rGP19 expression. Soluble recombinant protein was purified by affinity chromatography, where each Akta Wash supernatant (around 15 mL) was applied through a 1 mL Ni-Sepharose Hi Trap chelating column (GE Healthcare, Little Chalfont, UK), which was previously equilibrated with its respective solubilization buffer following the manufacturer's guidelines. The Ni + column was washed with 5 mL of its respective Akta Wash, and the protein was eluted with aliquots containing 1 mL of elution buffer gp19 to detect E. canis (NaH 2 PO 4 0.234% and NaCl 2.92%) with different concentrations of imidazole (10%, 20%, 30%, 40%, and 100%). Fractions of 1 mL elution were collected. All flow-through portions were saved and applied to 12% SDS-PAGE. The elution fractions with the protein, confirmed by SDS-PAGE, were pooled and dialyzed at 4°C against PBS with 0.1% TritonX-100. The purified rGP19 was submitted to SDS-PAGE and Western blotting, as described above, and quantified by A 280 nm ; the means of the standard curve method with bovine serum albumin (BSA) on 12% SDS-PAGE were also recorded. To serve as a positive control during Western blotting, we used 1 µg of a 72 kDa polyhistidine-tag protein that was previously purified.
Indirect enzyme-linked immunosorbent assay (ELISA)
To standardize the ELISA, 96-well polystyrene microtiter plates (PolySorp TM Nunc; Thermo Fisher Scientific) were coated with 100 µL/well of 50 mM carbonate-bicarbonate buffer (pH 9.6) containing 50 ng, 100 ng, or 150 ng of rGP19 for 30 minutes at 4°C. The plates were then washed three times with PBS-T and blocked using 5% nonfat milk in PBS at 4°C for 1 hour under stirring. After three washes with PBS-T, 100 µL/well of IIFA-positive and -negative canine sera, all in triplicate, were added at concentrations of 1:50, 1:100, 1:200, 1:400, and 1:800 in PBS and incubated at 37°C for 1 hour. After three washes with PBS-T, 100 µL/well of anti-dog IgG peroxidase-conjugated antibody (Sigma-Aldrich Co.) were added, diluted at 1:6,000 in PBS, followed by incubation at 37°C for 1 hour. After another five washes, 100 µL/well of the substrate (50 mM phosphate-citrate buffer containing 0.4 mg × mL -1 of o-phenylenediaminedihydrochloride, and 0.04% hydrogen peroxide [v/v], pH 5.0) were added to each well. The plates were incubated in the dark at room temperature for 15 minutes. Next, 50 µL/well of stop buffer (H 2 SO 4 1 N) were then added to stop the reaction. The mean optical density at 492 nm (OD 492nm ) was determined for all test wells using a microtiter plate reader (Multiskan  MCC/340 MKII; Titertek Instruments, Inc., Huntsville, AL, USA). A sample with a reading that was two standard deviations above the negative control absorbance peak was considered positive.
The ELISA of the sera from the experimentally infected dogs was performed, as described above, with 50 ng of rGP19 per well and sera dilution of 1:100. For the ELISA intraplate control, we used the same two positive and two negative control sera each time.
Statistical analyses
To analyze the antibody response, mean antibody levels were compared using analysis of variance (ANOVA) (p < 0.01) and, when the means of the two groups differed significantly, the Student-Newman-Keuls test was performed for pairwise comparisons. All analyses were carried out using MedCalc 
Results
DNA extraction, amplification, and cloning
The total DNA from the E. canis strain Jaboticabal was successfully extracted and its concentration was 50 ng/µL. The PCR was able to amplify an amplicon of 429 bp, corresponding to the gp19 DNA sequence without the stop codon, and with the restriction sites added in the primers. The sequencing confirmed that the sequence cloned into the pAE vector corresponded to the gp19 gene, showing that it shared 100% of its identity with the gp19 gene from the E. canis São Paulo strain available from GenBank (accession number: EU118960); it was also in frame with N-terminus polyhistidine-tag, forming the plasmid pAE-gp19 (Figure 1 ).
Expression and purification conditions
The expression of rGP19 was detected in 12% SDS-PAGE and Western blotting as a 25 kDa protein, but only one E. coli strain, BL21 (DE3) C41 (cultivated at 25°C for 16 hours and induced with 1 mM of IPTG) (Figure 2 ) was able to express rGP19. This clone was induced to express rGP19 in a 500 mL culture and its pellet showed that rGP19 was soluble in the Akta Wash with urea only (Figure 2 ). Ni + affinity chromatography was able to purify a protein with 25 kDa by 12% SDS-PAGE (Figure 3 ). This 25 kDa protein was detected during Western blotting by the anti-His and dog anti-E. canis antibodies, confirming that the protein was rGP19 (Figure 4) . The third and fourth elution fractions of the Ni + chromatograph showed a recombinant protein of 25 kDa that was revealed in 12% SDS-PAGE, as well during Western blotting. The concentration of the rGP19 recovered was 0.747 µg × mL 
ELISA
The ELISA showed that there was no significant difference in the relationship between OD 492nm and the protein amount (50 ng, 100 ng, 150 ng, or 200 ng/well) ( Figure 5 ). The lowest concentration of protein (50 ng/well) was enough to differentiate between sera that were positive or negative for CME. Regarding the serum dilution at 1:100, the OD 492nm of the negative sera was significantly lower than that of the 1:50 dilution, and it was not different for the higher dilutions ( Figure 5 ; p < 0.01).
The ELISA of the sera from the experimentally infected dogs was able to differentiate between the sera that were positive and negative for CME; moreover, the OD 492nm showed a direct association with the IIFA titration. For the three sera, the ELISA graph showed a curve for the antibody, which featured a normal profile. This was in contrast to that of the IIFA titration, which showed (for dog 1) no gradual increase or gradual decrease over time; however, a higher value (1:40,960) was observed at 3, 4, and 8 weeks after infection ( Figure 6 ). No other animals showed titers that high. Regarding dog 2, the ELISA showed a constant increase of the OD 492nm over time, dropping at the last week alone (9 weeks after infection); the IIFA titration started to decline at week 7 following infection, with the higher titer level (1:20,480) observed at 5 and 6 weeks after infection (Figure 7) . The ELISA of the serum from dog 3 showed both a gradual increase and a gradual decrease of the OD 492nm over time, suggesting a normal profile of the antibody kinetic; the antibody peak was evident 5 weeks postinfection (Figure 8 ). . ELISA standardization. P50, P100, P150, and P200 are positive sera, incubated with 50, 100, 150, and 200 ng of rGP19 per well, respectively. N50, N100, N150, and N200 are negative sera, incubated with 50, 100, 150, and 200 ng of rGP19 per well, respectively. gp19 to detect E. canis
Discussion
Of the E. canis immunodominant antigens, gp19 is the most frequently conserved antigen from different geographical regions. Zhang et al. (2008) compared the sequences of nucleotides and amino acids of gp19 in strains obtained from the United States, Brazil, and Israel, and demonstrated that they are identical. Two years later, it was shown that gp19 from the United States, Brazil, Venezuela, Greece, Italy, Turkey, and Thailand are also identical (sharing 100% identity) (HSIEH et al., 2010) . This high degree of overall nucleic acid and amino acid conservation observed in gp19 (sharing 97.8%-100% and 98.4%-100% identities, respectively) in geographically dispersed strains means that this antigen holds promise for use in a diagnostic tool for CME (HSIEH et al., 2010) . Furthermore, gp19 is a species-specific antigen that allows one to distinguish between the sera from dogs infected with E. canis and the sera from dogs infected with E. chaffeensis, showing a high sensitivity for the detection of early acute-phase antibodies (CÁRDENAS et al., 2007) . In addition, it was also shown that anti-E. canis gp19 canine sera do not react with E. chaffeensis lysates in Western blotting (McBRIDE et al., 2007) . All of this strengthens the idea that the gp19 antigen holds major antigenic potential, justifying the efforts of this work. In this context, the production of the gp19 antigen as a tool for CME diagnostics is justified.
During the solubility test, the gp19 antigen was able to detect a 25 kDa protein in SDS-PAGE, and the fact that its solubility was only possible in the presence of urea leads us to conclude that the protein-formed inclusion bodies were expressed in insoluble form, necessitating a denaturing agent to solubilize the inclusion bodies within the cell. The use of the Akta Wash solution with 8M urea denatures the protein completely, interrupting the molecular interactions that provide its three-dimensional structure.
The fact that the recombinant protein had a higher molecular weight (25 kDa) than it should have (19 kDa) is in contrast to the same 25 kDa protein that was achieved following Ni + chromatograph purification, and which was recognized during Western blotting by the anti-His and anti-E. canis antibodies. In addition, given that the inserted sequence was confirmed via sequencing, this protein can be characterized as a 25 kDa protein expressed in E. coli C41. The dog sera that were positive for CME reacted with the protein during Western blotting without any unspecific reactions, and the negative sera did not react, which is characteristic of its identity. This means that rGP19 could be expressed in E. coli, even in small amounts (0.747 mg × L -1 ), and that its antigenic determinants were maintained; as such, rGP19 can be used as an antigen in a diagnostic tool.
The expression of rGP19 in E. coli was cumbersome since it was difficult to express, prompting the need to use a protocol that was different from standard (16 hours at 25°C). From the expression of proteins by BL21 (DE3), two mutant host strains (C41 [DE3] and C43 [DE3]) were selected, which grew to a high saturation density; they continued to produce proteins at an elevated level without toxic effects (MIROUX & WALKER, 1996) . The toxicity was observed in 50% of cases for C41 (DE3) and only in 4% of cases for C43 (DE3). However, it should be pointed out that even when toxicity existed in C41 (DE3), the target protein was well overexpressed (DUMON-SEIGNOVERT et al., 2004) . In this study, we identified that the C41 strain and its conditions were necessary to efficiently express and characterize rGP19.
ELISA was performed to assess the potential of rGP19 as an antigen for a diagnostic test. The best concentration of the protein was shown to be 50 ng/well. Lower amounts of rGP19 were not tested because this concentration (50 ng/well) was regarded as the lowest possible limit where we still had good control over protein dilution; moreover, in a previous study, ELISA was performed using a concentration of 60 ng/well (CÁRDENAS et al., 2007) . In relation to the sera dilution, the lowest dilution of 1:100 was chosen since it had a higher probability of detecting the anti-E. canis antibodies; it also featured the lowest background reaction with the negative sera.
The sera from three dogs that were experimentally infected with E. canis, previously titrated by IIFA, were evaluated using ELISA. It was found that rGP19 exhibited antigenic potential, as expected, since it could differentiate between the sera that were positive or negative for CME (Figure 9 ). The rGP19 exhibited 100% specificity during ELISA when compared to the results of the IIFA that was performed with the sera obtained from these dogs. The antibodies in the dog sera reacted at the same time in both IIFA and ELISA. Dog 1 antibodies reacted 2 weeks postinfection, dog 2 antibodies reacted 3 weeks postinfection, and dog 3 antibodies reacted 1 week postinfection. This means that there was a positive correlation between the results of the two immunoassays.
When comparing the two immunoassays, the ELISA curve showed a more conceivable pattern of change in the antibodies than that of the IIFA over the weeks. The variation in the titration values detected by IIFA varied from one week to another, with decreasing titers observed during the same week when we detected a high ELISA reading (OD 492nm ); these results are shown in Figure 6 for dog 1 at weeks 6, 7, and 8, and in Figure 8 for dog 3 at week 8. With the exception of these cases, the results of the ELISA corresponded to the titration by IIFA in the remaining weeks.
In a previous study with E. canis recombinant antigens, p28 demonstrated low specificity (~60%) for the detection of antibodies in dog sera. The antigens gp36, gp19 and GP200 showed 100% specificity. However, gp200 showed reactivity later, 28 to 35 days after infection (CÁRDENAS et al., 2007) . At the same study, the earliest detection was 2 weeks post infection by the gp36 recombinant protein, by both Western immunoblotting and ELISA, and the earliest reactivity of gp19 was achieved 2 weeks post infection (in 1 of 3 dogs), but 2 of 3 dogs reacted 21 days post infection by immunoblotting. The same three dogs had reactivity 21 days post infection by ELISA (CÁRDENAS et al., 2007) . In contrast with our study, considering that we used different conditions, from the canine infection until the ELISA development, we had a better optimization, coming to detect anti-gp19 antibodies 1 week post infection (in 1 of 3 dogs). This result can be explained by the fact that we used a different expression and purification system and we optimized the amount of antigens for the ELISA, for example.
Considering that the acute stage of the CME occurs 8-20 days after infection and lasts 2-4 weeks (HARRUS et al., 1996) , the ELISA performed with rGP19, as presented here, allows for the diagnosis of CME during the acute stage of infection -from the first week to the third week (Figures 6, 7, and 8) . Early diagnosis is very important for treatment, as doxycycline can be started as soon as possible, ultimately leading to a favorable prognosis.
Conclusion
In Brazil, an immunodiagnostics tool capable of detecting antibodies during the early acute phase of infection in dogs is still commercially unavailable. Now that the protein has been characterized, the next step is to develop an ELISA for the diagnosis of CME, as well as to test its specificity and sensitivity in the sera of animals that are naturally infected.
